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Ouring the period 15 November 1982 to 15 November 1983 our research has been con-
centrated in two areas: (1) the design, construction, and testing of a reflection-
compensating radiometer, and (2) a theoretical investigation of the variation of
microwave penetration depth in human tissue as a function of the aperture size of
the contact antenna. The radiometer cperates at 1.4 GHz in the unbalanced mode and
gives the reflection coefficient and the microwave temperature of the emitter cor-
rected for reflections. The penetration deoth of microwaves in body tissue depends
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critically on the aperture size and is significantly less than the
_$ penetration depth computed from the usual plane wave (or far field) 1
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N During the period 15 November 1982 to 15 November 1983 work was concen-
'“: trated in two areas: (1) design, construction and testing of a reflection-

i1

compensating radiometer, and (2) an investigation of the interplay between

.

w . < . : . . .
I aperture size and penetration depth using near-field electromagnetic theory
L™
2,4 . . . . )
N applied to apertures in contact with human tissue. The results of this re-~
o search is summarized below.
-’::-"
-
- Reflecrion~-Compensating Radiometer
@
.. During the past vear of funding we have developed a radiometer, operating
4‘*!
. . . . . .
.. at :.34 GHz, capable of determining both the tissue temperature and the emis-
; ",
™3 .
b sivity of the tissue. Designs for such reflection~compensating radiometers have
[ heen proposed by several groups"2=“ and we initially follwed their designs
10
~T
O :losely. Basically two measurements must be made to determine both the tempera-
Vi ture and emissivity and this is accomplished by measuring (l) the emission from
N the subject and (2) the emission from the subject plus the reflected power from
L
?.". . . - I3 . ~ .
\; the subject when a small amount of power is directed at the subject. A block
oY
I
o ; diagram of the final system is shown in Figure 1. The svstem is calibrated by
®
DA taking two measurements with the calibration switch on the short, one with the
‘.r:
o noise tube on and one with the noise tube off. Two measurements are then made
s
;& with the calibration switch om the antenna, again one with the noise tube on
'..'l ’
s and one wWith the noise tube off. These data are then used to compute the reflec-
\)\ .
N e
\:\ tion coerficient and the microwave temperature incident on the antenna as shown
- in Figure 2. The calibration and measurement procedures are controlled hv the
TN
E microprocessor, which also controls the Dicke switch, and the results are dis-
Ear
! J‘}J .
0 plaved on a video terminal.
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The system 2iffers Zrom many previouslv proposed in that it operates in

an unbalanced mede at all times. Other systems have incorporated a servo loop

- - 4

N

=o drive sne of the observed siznals £o zero. We found this inconvenient be-

cause of the minimum step available with a motor-driven attenuator and the

rime delay in making an observation as the actenuator was driven toward balance.

N

. Our oresent radiomecear has sufficient gain stability chat operation in an un-

LY

N . )

b balanced zmcde {s not detrimental.

LY

‘

3
l
. The radicmeter operates over the <00 MHz band irom 1.2 %o 1.5 GHz and

g . . - - . . . .

' axperiances some Lacariarence Zrom zhe radar 3t Logan Airport. This Is 1ot

-

' 200 surprisiag since the radiometer, ia its present form, is a bench model and

has not bSeen packaged in any way. Packaging the system, currently underway, may

{ help the interference problem but certainly will not eliminate the radar problem
% rom antering the antenna. A significant amount enters the antenna since we

f qotice 3 major reduction in interference when the antenna is replaced by a

teared matched load. However, the integration 5f zhe radiometer is approximacaly

. 3 seconds and zhe cotation rate 9f the antenna is 12 seconds so the radar iater-
S ference has 2ot Seen t00 severe [0 prevent us from operating with some precaution.
{ When looking ac a resistive load, the radiometer routinely determines temperature
j =5 Settaer chan 9.1 C and the reflection coefficient zo better than 0.002. When
> Looking at an antenna directed toward absorbing material with an air zap between
4 che antenna and absorber, the performance deceriorates by a factor of 2-3, pre-
LY

: sumablv iue o radar incarierence. This (s not regarded as 30 serigus at the

~
| present Zide.
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Aperzure 3ize and Penetration Denth

Many investigations of microwave thermography have utilized open-end,
dielectric-filled, waveguides as the antenna, coupling the hody emission to
the radiometer. Since the penetration depth is greater for louger wavelengths
acst thermograpnic studies have “een done in cthe 1-6 GHz range. However, this
relatively low Irequency range requires unduly large waveguide apertures thereby
destroving spatial resolution. 3y filling the guide with a dielectric one effec-
zively decreases the wavelengrh in che medium and permics the propagacion of 1-4
5dz radigrion in a waveguide oI reduced dimensions. Furthermore, the Impedance
match of the anctenna to the >odv, necessary for optimum power transfer, is Iim-

oroved bv zhe addi:tion of the dielectric.

Jowever, astimates of :he penetration depth using the usual plane wave
Iormula are overly osptimisic and in need of drastic revision when apoplied o a
waveguide apercure in directc contact with human tissue. The reason 1s not
diffizulz 7o envision. The plane wave case is applicable only when the discance
Irom zhe apercure =9 the subiect is large so that waves emanating from the aper-
lure M3y »e approximaced as plane waves at the subject. This is clearly noc che
zase wnen the antenna apercture is in contact with the subject.

Iven zhe definizion of penetration depth is not applicable for zontac:t an-

tannas Secause :the 2leczromagnetic fields do zot Zall 2£Y axponentially wich

iacreasing iistance Irom zhe apercure until the far-field (piane wave) region Is
reached. ‘leverczhelass, oSne an jefine zhe penetration iepth is the Jistance

wnere the sower i3 e - or J.368 (4.34 4b) of =he value at the surface. This
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: distance will depend on the angle with respec= to the axis of the apercture
!
N because zhe surface of comstant power is not spherical.
.
\ I3 .
. In Figure 3 we show the results of our calculations of the on-axis pene-
)
:: tration depth as a function of aperture size, measured in wavelengths in the
"
:“ medium, for several Irequencies commoniv used in microwave thermograpnv. The
)
calculations assumed a skin thickness of 1.5 mm overlying breast tissue and that
A
r. onlv zhe TE,O mode was exXcited in the antenna even though the dimesnions were
¥ N . - - ' . I3 ’ -
- .arge enough to permi: other modes o propagate. Similar computations for a
4 single apercture size have been dome by Audet et al™ £for 3 and 9 GHz and by
Zdennofer 2t al” Zor 1 GHz. Their conclusion, like ours, is that the pene-
zration depth stronglyv depends on the characteristics of the antenna and that
( nlane wave penetration depth grossly overestimates the actual case unless the
{ aperture dimensions exceed one wavelength or the tissue being examined is very
W Lossy, i.e. high in water content. For example, the plane wave penetration depth
. .
would bSe at least two times the values given in Figure 3 for a/«m = 1. Thus omne
'l
: sees now the penetraticn depth is seriously compromised for aperture dimension less
" than a wavelength in size.
o ’.
q
"l
- We 1ave construcsed a series of three antennas at each of Two ZTequencies,
X
‘I 3 . .
‘ ..+ and 3 GHz, wnich we plan to use zo axperimentally detcermine Soth the pene~
'.' . . . . - . B PR Y ‘.9 -
0 tration depth and spatial cesolution. The :thermal source will be a small glass
(]
& 2uld, Jillad wish water, fizzed wizh a heater and czhermistor Ior Zemperaturse
3
~ cntrsl and neasurement, and 2mbedded ia slabs of simulated :zissue. Such a de-
\
N vize will be zuseful Ior determining the »roperties of fucure antennas ilso.
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